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(54) Low inductance flex bond with low thermal resistance

(57) An electronic circuit with low inductance connec-
tions is disclosed. The electronic circuit includes a ground
plane and a flex circuit. The flex circuit having a first sur-
face generally facing the ground plane and a second sur-
face opposite to the first surface. The flex circuit also
having a flexible bridge defined thereof. The electronic
circuit further includes a first electronic device commu-
nicatively coupled to the second surface of the flex circuit,
a second electronic device communicatively coupled to

the second surface of the flex circuit, and at least one
conductive trace defined on the second surface of the
flex circuit and extending along the flexible bridge. One
end of the at least one conductive trace is configured for
receiving an outbound current from the first electronic
device and another end of the at least one conductive
trace is communicatively coupled to the second electron-
ic device through a vertical interconnect access.
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Description

TECHNICAL FIELD

[0001] The present invention relates to the field of wire bonding techniques and particularly to a method for providing
low inductance connections to transistors and other devices in an electronic circuit.

BACKGROUND

[0002] Wire bonding is a method of making interconnections between an integrated circuit (IC) and a printed circuit
board (PCB) during semiconductor device fabrication. Inductance is a property of a conductor by which a change in
current in the conductor induces a voltage in both the conductor itself (self-inductance) and the nearby conductors
(mutual inductance). It has been found that the self inductance of the bonding wires and the mutual inductance between
bonding wires are significant and can limit the electrical performance of an electronic/integrated circuit. Therein lies the
need to provide a method for providing low inductance connections to transistors and other devices in an electronic circuit.

SUMMARY

[0003] Accordingly, an embodiment of the present disclosure is directed to a electronic circuit. The electronic circuit
includes a ground plane and a flex circuit. The flex circuit having a first surface generally facing the ground plane and
a second surface opposite to the first surface. The flex circuit also having a flexible bridge defined thereof. The electronic
circuit further includes a first electronic device communicatively coupled to the second surface of the flex circuit, a second
electronic device communicatively coupled to the second surface of the flex circuit, and at least one conductive trace
defined on the second surface of the flex circuit and extending along the flexible bridge. One end of the at least one
conductive trace is configured for receiving an outbound current from the first electronic device and another end of the
at least one conductive trace is communicatively coupled to the second electronic device through a vertical interconnect
access (via).
[0004] A further embodiment of the present disclosure is directed to a method for reducing inductance in an electronic
circuit. The method includes: connecting a first electronic device to a surface of a flex circuit; connecting a second
electronic device to said surface of the flex circuit; providing at least one conductive trace on said surface of the flex
circuit, the at least one conductive trace configured for connecting an outbound current from the first electronic device
to the second electronic device, wherein one end of the at least one conductive trace is configured for receiving the
outbound current from the first electronic device and another end of the at least one conductive trace is communicatively
coupled to the second electronic device through a vertical interconnect access (via); and providing a continuous layer
of conductive material on an opposite surface of the flex circuit, allowing the at least one conductive trace to follow a
same path as a return current on the opposite surface of the flex circuit.
[0005] An additional embodiment of the present disclosure is directed to a method for manufacturing an electronic
circuit. The method includes: securing at least a portion of a flex circuit to a ground plane, the flex circuit having a first
surface generally facing the ground plane and a second surface opposite to the first surface, the flex circuit including at
least one conductive trace defined on the second surface of the flex circuit and extending along a flexible bridge;
communicatively coupling a first electronic device to the second surface of the flex circuit within the portion of the flex
circuit secured to the ground plane; pulling the flexible bridge towards the first electronic device and communicatively
coupling one end of the at least one conductive trace to the first electronic device through a vertical interconnect access
(via); securing a remaining portion of the flex circuit to the ground plane; and communicatively coupling a second electronic
device to the second surface of the flex circuit, wherein another end of the at least one conductive trace is configured
for receiving an outbound current from the second electronic device.
[0006] It is to be understood that both the foregoing general description and the following detailed description are
exemplary and explanatory only and are not necessarily restrictive of the invention as claimed. The accompanying
drawings, which are incorporated in and constitute a part of the specification, illustrate embodiments of the invention
and together with the general description, serve to explain the principles of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0007] The numerous advantages of the present invention may be better understood by those skilled in the art by
reference to the accompanying figures in which:

FIG. 1 is an isometric view depicting a conventional wire bond technique;
FIG. 2 is a circuit diagram depicting a transformer circuit;
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FIG. 3 is an illustration depicting the relationship between impedance and the distance between a pair of parallel
wires in a conventional parallel wire bond configuration;
FIG. 4 is a circuit diagram depicting wires in an antiparallel configuration;
FIG. 5 is an illustration depicting the relationship between impedance and the distance between a pair of parallel
wires in an antiparallel configuration;
FIG. 6 is a top view of an electronic circuit in accordance with the present disclosure;
FIG. 7 is a cross-sectional view of the electronic circuit as depicted in FIG. 6;
FIG. 8 is another cross-sectional view of the electronic circuit as depicted in FIG. 6;
FIG. 9 is a flow diagram depicting a method for producing the electronic circuit as depicted in FIG. 6;
FIG. 10 is an illustration depicting the flex circuit of the electronic circuit at a relaxed state;
FIG. 11 is an illustration depicting the flex circuit of the electronic circuit at a pulled over state;
FIG. 12A is a top view of an exemplary flex circuit in accordance with the present disclosure; and
FIG. 12B is a top view of an alternative flex circuit in accordance with the present disclosure.

DETAILED DESCRIPTION

[0008] Reference will now be made in detail to the presently preferred embodiments of the invention, examples of
which are illustrated in the accompanying drawings.
[0009] Conventional wire bond techniques use multiple bonds in an attempt to lower inductance. FIG. 1 is an illustration
depicting a conventional wire bond technique. Wire bonds have inductance that limits the bandwidth of many designs.
There is an opportunity to limit inductance, however, it requires placement of a similar wire bond with current flowing in
the opposite direction of the original signal. This opposite current flow is not practical in many instances including the
example bonding depicted in FIG. 1. More specifically, studies indicate that the mutual inductance between the parallel
wire bonds 102 configured according to a conventional wire bond technique is greater than their ability to cancel the
inductance. That is, the mutual inductance between the parallel wire bonds 102 limits the total possible reduction in the
inductance.
[0010] The equations governing this inductance reduction are given below. Referring to the transformer circuit depicted
in FIG. 2, the transformer equations are defined as follows: 

[0011] In the equation above, M represents the mutual inductance, L1 and L2 represent the self-inductances of the
conductors, respectively, and k is a factor representing the distance between the two conductors.
[0012] In a conventional parallel wire bond configuration, L1 = L2 and v1 = v2 implies i1 = i2. The following equations
can be derived from the transformer equations: 

[0013] Based on the equations above, the total impedance of the circuit is calculated as

 for Z1//Z2. The graphical representation of the impedance with respect to k is

depicted in FIG. 3. As the figure indicates, when k is approaching 0 (i.e., the two conductors are far apart), Z1 = Z2 =

Lω, and  However, as k approaches 1 (i.e., the two conductors are very close to each other), Z1 = Z2 =

2Lω, and Zeq = Lω. The result demonstrates that the mutual inductance between the parallel wire bonds limits the total

possible reduction in the inductance. That is, conventional parallel wire bond configurations are not effective in reducing
the inductance.
[0014] The present disclosure is directed to a method for providing low inductance connections to transistors and other
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electrical components/devices in an electronic circuit. In accordance with the present disclosure, the wires/conductors
are configured in an antiparallel manner that provides opposite current flow in order to reduce inductance. That is, the
conductors located on one side (e.g., the top side) of the circuit follow the same path as the return current on the opposite
side (e.g., the bottom side), thus i1 = -i2 and L1 = L2. The following equations can be derived from the transformer equations: 

[0015] Referring now to FIG. 4, two conductors configured in an antiparallel manner is shown. For simplicity of the
discussion, assuming ZT = 0, the following equations can be derived: 

[0016] The graphical representation of the impedance with respect to k when the wires are configured in an antiparallel
manner is depicted in FIG. 5. As indicated in FIG. 5, when k is approaching 0 (i.e., the two conductors are far apart),
|Zin| = 2Lω. However, as k approaches 1 (i.e., the two conductors are very close to each other), |Zin| approaches 0. That
is, the wires configured in an antiparallel manner can reduce the inductance further without the aforementioned limitations
associated with a conventional parallel wire bond configuration. Furthermore, even if ZT ≠ 0, the impedance can be
calculated as Zin = 2Z1 + ZT, which still indicates that |Zin| can be reduced as the coupling between the two conductors
increases (i.e., get closer to each other).
[0017] The method and the electronic circuit produced in accordance with the present disclosure take advantage of
the inductance reduction rules described above. More specifically, the method and the electronic circuit produced in
accordance with the present disclosure uses a flex circuit to increase the coupling between the signal plane and the
image plane. Furthermore, using the flex circuit in the manner in accordance with the present disclosure allows the
conductors located on one surface (e.g., the top surface) of the flex circuit to follow the same path as the return current
on the opposite surface (e.g., the bottom surface), therefore reducing inductance as described above.
[0018] Flex circuits (may also be referred to as flexible electronics) refer to a technology for assembling electronic
circuits by mounting electronic devices on flexible substrates, such as polyimide or transparent conductive polyester
film or the like. Flex circuits may be manufactured using components that are used for rigid printed circuit boards, allowing
the board to conform to a desired shape or to flex during its use.
[0019] Referring now to FIGS. 6 through 8, an electronic circuit 600 in accordance with the present disclosure is
illustrated. The electronic circuit 600 includes a continuous ground plane 602 (may also be referred to as an image
plane). The electronic circuit 600 also includes a flex circuit 604 secured to a surface of the ground plane 602. In the
exemplary electronic circuit 600 depicted in the figures, the flex circuit 604 is utilized for connecting the outbound current
from a first device 606 to a second device 608.
[0020] In one embodiment, the top surface (in the orientation depicted in FIG. 7) of the flex circuit 604 includes one
or more signal/conductive traces 610 for connecting the outbound current from the first device 606 to the second device
608. As illustrated in FIG. 7, one end of each signal/conductive trace 610 is configured for receiving an outbound current
from the first device 606 and the other end of that signal/conductive trace 610 extends along the bridge and is commu-
nicatively coupled to a pad of a via (vertical interconnect access) 612 on the top surface. The opposite pad of the via
612 located on the bottom surface is communicatively coupled to the second device 608, therefore connecting the
outbound current from the first device 606 to the second device 608.
[0021] The bottom surface of the flex circuit 604, on the other hand, includes a continuous layer of conductive material
(e.g., copper or the like) secured to the ground plane 602. In this manner, as long as the outbound current through the
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top side conductive traces 610 follows the same path as the current in the image plane on the bottom layer, mutual
coupling will reduce the series inductance. It is contemplated that while it is not possible to have 0 distance between the
top and bottom surfaces, very significant reduction in inductance can be achieved if the distance d between the top and
bottom surfaces is sufficiently small so that they are considered closely coupled.
[0022] In one embodiment, the distance d between the top and bottom surfaces is considered sufficiently small if d is
less than 2 diameters of a round wire/conductor, or less than or equal to the width of a given signal/conductive trace.
Alternatively, the distance d between the top and bottom surfaces is considered sufficiently small if the thickness of the
flex circuit 604 is less than or equal to approximately 1 mil (i.e., 1/1000 of an inch). It is contemplated, however, that the
definitions above are not absolute requirements. A flex circuit that is as thin as practical may be utilized to implement
the electronic circuit without departing from the spirit and scope of the present disclosure.
[0023] It is contemplated that various technologies may be utilized to assemble the electronic circuit 600 described
above. For instance, an exemplary pullover technique 900 is depicted in FIGS. 9 through 11. Step 902 first attaches
one side of the flex circuit 604 to the ground plane 602. In the orientation depicted in FIG. 10, the right side of the flex
circuit 604A is attached to the ground plane 602 first. Step 904 then attaches a transistor (or other active device) 608
to the secured right portion of the flex circuit 604A. Step 906 then pull the left half of the flex circuit 604B over to the right
side transistor. More specifically, the flex circuit 604 have a cut slot 614 that defines a flexible bridge for engaging at
least a portion of the device 608 when pulled over. Subsequently, step 908 aligns the flex bridge with the bonding area
of the device 608 and conductively secures (e.g., applying thermo-compression bonding or the like) the flex bridge with
the bonding area of the device 608. The flex bridge conductively secured to the bonding area of the device 608 is depicted
in FIG. 11 as well as in the cross-sectional view shown in FIG. 7.
[0024] Step 910 then attaches the remaining side of the flex circuit 604 to the ground plane 602. In the current example,
the left side of the flex circuit 604B is now attached to the ground plane 602. Step 912 then attaches another transistor
(or other active device) 606 to the secured left half portion of the flex circuit 604B. Device 606 is now communicatively
coupled to the conductive traces 610 on the top side of the flex circuit 604B, and the conductive traces 610 will now
facilitate communication between the devices 606 and 608 as described above.
[0025] It is noticed that the electronic circuit assembled in accordance with the pullover technique presented above
may contain one or more ripples between the two secured portions 604A and 604B. They are indicated as 604C in FIG.
11 and are also indicated in FIGS. 6 and 8. While these ripples are not directly secured to the ground plane 602, they
span only a small portion on a circuit chip and do not negatively impact the operation of the circuit. The advantage of
this implementation is that the flex element can be manufactured in one piece. For instance, flex circuits can be die cut
to create the desired shape similar to the flex circuits described above. The flexibility of the circuit and the pullover
technique allows the creation of an overlap condition to facilitate the communicative coupling between the devices 606
and 608.
[0026] However, it is contemplated that the pullover technique is not required to create the overlap condition. For
instance, if the substrate to which the flex circuit is exposed, (e.g., when left half of the flex bond area is lifted) and a
second active device is placed in the exposed area, a similar overlap area is created with the same low inductance.
Alternatively, as shown in FIG. 12, the bridge 1202 of the flex circuit 1200 is configured to extend beyond the cut slot
1204 into the right side of the flex circuit. In this manner, the flex bridge is aligned with the bonding area of the device
located on the right side of the flex circuit without having to perform the pullover and therefore avoid creating ripples. It
is contemplated that various other techniques may also be utilized to create the overlap condition as described above
without departing from the spirit and scope of the present disclosure.
[0027] It is contemplated that the devices 606 and 608 referenced in the examples above may include various types
of electronic devices/components that are used for producing electronic circuits. Such devices may include, but not
limited to, flip chips, transistors, as well as other semiconductor devices and the like. Furthermore, it is understood that
the depictions of the exemplary flex circuits 604 and 1200 are simplified for illustrative purposes. The flex circuits may
include other circuitry components in addition to the one or more signal/conductive traces 610 depicted in the figures
without departing from the spirit and scope of the present disclosure.
[0028] It is also contemplated that allowing thermo-compression bonding to conductively secure a flex bridge and the
bonding area of a device may be appreciated, especially for high speed circuits. A further advantage of the electronic
circuit produced in accordance with the present disclosure is that the circuit layout maintains a low thermal resistance
that is consistent with low inductance (e.g., with a range (Tj) of 0.5 °C to 1 °C per Watt). For instance, the flex circuit
may provide one or more vias (e.g., copper vias) under devices 606 and/or 608 to serve as heat pipes. Such a configuration
provides improved heat dissipation and may be appreciated in various operating conditions/environments.
[0029] It is understood that the specific order or hierarchy of steps in the foregoing disclosed methods are examples
of exemplary approaches. Based upon design preferences, it is understood that the specific order or hierarchy of steps
in the method can be rearranged while remaining within the scope of the present invention. The accompanying method
claims present elements of the various steps in a sample order, and are not meant to be limited to the specific order or
hierarchy presented.
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[0030] It is believed that the present invention and many of its attendant advantages will be understood by the foregoing
description. It is also believed that it will be apparent that various changes may be made in the form, construction and
arrangement of the components thereof without departing from the scope and spirit of the invention or without sacrificing
all of its material advantages. The form herein before described being merely an explanatory embodiment thereof, it is
the intention of the following claims to encompass and include such changes.

Claims

1. An electronic circuit, comprising:

a ground plane;
a flex circuit defining a flexible bridge, the flex circuit having a first surface generally facing the ground plane
and a second surface opposite to the first surface;
a first electronic device communicatively coupled to the second surface of the flex circuit;
a second electronic device communicatively coupled to the second surface of the flex circuit; and
at least one conductive trace defined on the second surface of the flex circuit and extending along the flexible
bridge, one end of the at least one conductive trace being configured for receiving an outbound current from
the first electronic device and another end of the at least one conductive trace being communicatively coupled
to the second electronic device through a vertical interconnect access (via).

2. The electronic circuit of claim 1, wherein a distance between the first and second surfaces of the flex circuit is less
than 2 diameters of a round wire.

3. The electronic circuit of claim 1, wherein a distance between the first and second surfaces of the flex circuit is less
than or equal to the width of the at least one conductive trace.

4. The electronic circuit of claim 1, wherein a distance between the first and second surfaces of the flex circuit is less
than or equal to approximately 1 mil.

5. The electronic circuit of claim 1, wherein the first surface of the flex circuit includes a continuous layer of conductive
material.

6. The electronic circuit of claim 1, wherein the first and second electronic devices each includes at least one of a chip
or a transistor.

7. The electronic circuit of claim 1, further comprising:

a plurality of copper vias defined within the flex circuit and function as heat pipes.

8. A method for reducing inductance in an electronic circuit, the method comprising:

connecting a first electronic device to a first surface of a flex circuit;
connecting a second electronic device to said first surface of the flex circuit;
providing at least one conductive trace on said first surface of the flex circuit, the at least one conductive trace
configured for connecting an outbound current from the first electronic device to the second electronic device,
wherein one end of the at least one conductive trace is configured for receiving the outbound current from the
first electronic device and another end of the at least one conductive trace is communicatively coupled to the
second electronic device through a vertical interconnect access (via); and
providing a continuous layer of conductive material on a second surface of the flex circuit, the second surface
being opposite to the first surface, allowing the at least one conductive trace to follow a same path as a return
current on the second surface of the flex circuit.

9. A method for manufacturing an electronic circuit, the method comprising:

securing at least a portion of a flex circuit to a ground plane, the flex circuit having a first surface generally facing
the ground plane and a second surface opposite to the first surface, the flex circuit including at least one
conductive trace defined on the second surface of the flex circuit and extending along a flexible bridge;
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communicatively coupling a first electronic device to the second surface of the flex circuit within the portion of
the flex circuit secured to the ground plane;
pulling the flexible bridge towards the first electronic device and communicatively coupling one end of the at
least one conductive trace to the first electronic device through a vertical interconnect access (via);
securing a remaining portion of the flex circuit to the ground plane; and
communicatively coupling a second electronic device to the second surface of the flex circuit, wherein another
end of the at least one conductive trace is configured for receiving an outbound current from the second electronic
device.

10. The method of claim 8 or claim 9, wherein a distance between the first and second surfaces of the flex circuit is less
than 2 diameters of a round wire.

11. The method of claim 8 or claim 9, wherein a distance between the first and second surfaces of the flex circuit is less
than or equal to the width of the at least one conductive trace.

12. The method of claim 8 or claim 9, wherein a distance between the first and second surfaces of the flex circuit is less
than or equal to approximately 1 mil.

13. The method of claim 8 or claim 9, wherein the first surface of the flex circuit includes a continuous layer of conductive
material.

14. The method of claim 8 or claim 9, wherein the first and second electronic devices each includes at least one of a
chip or a transistor.

15. The method of claim 8 or claim 9, further comprising:

defining a plurality of copper vias within the flex circuit and function as heat pipes.
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